A b s t r a c t
Introduction
Lumbar sympathectomy was performed for the first time by Julio Diez in 1924 in Buenos Aires [1] . Royle in Australia and Adson in the USA performed it at the same time (1925) [2] . Diez, Royle and Adson offered this procedure for critical lower limb ischaemia [1] , Raynaud's disease [2] and experimentally in patients with spastic paralysis [3] . The benefit of lumbar sympathectomy can be explained in terms of counteraction of the vasoconstriction from the sympathetic system and elimination of nociceptive impulsation, especially in skin blood vessels [4] .
T. Stefaniak, D. Łaski, Ł. Kaska, Ł. Znaniecki, J. Krajewski, M. Proczko-Markuszewska, J. Kobiela, A.J. Łachiński, Z. Śledziński Thanks to development of modern revascularization techniques, the significance of this procedure receded in favour of prosthesis placement and endovascular treatment [5, 6] . Lumbar sympathectomy for vascular indications is a method of second or third choice, when reperfusion is not possible with other methods or when the patient does not consent to the offered procedure [7, 8] .
Today, sympathectomy is tried for treatment of complex regional pain syndrome (CRPS) [9, 10] , primary hyperhidrosis (PHH) [11, 12] , Buerger's disease [13] , Raynaud's syndrome [14, 15] , chronic leg ulcer [16] , frostbite [17] , erection problems [18] , and painful legs and moving toes syndrome [19] .
Progress in laparoscopic surgery, advancement of available tools and increasing experience of surgeons in minimally invasive surgery create new opportunities for lumbar sympathectomy, which is not often done with a totally videoscopic technique. So far we have not found any publication in Polish literature on totally videoscopic lumbar sympathectomy, while there are only 26 in the mundane literature. Studies on posterior access were performed only experimentally [20, 21] . In patients with vascular diseases cosmetic effects of surgery can be less significant, yet in patients with primary hyperhidrosis minimization of invasiveness of the procedure and concern for best cosmetic effects seem reasonable. Posterior access videoperitoneoscopic sympathectomy, which we propose, meets both criteria.
Primary hyperhidrosis is now the main indication for both lumbar and thoracic sympathectomies [22] . The ailment is estimated to make up 84.3% of all indications for surgical sympathectomy [23] . This is easily understandable, since 1% of the population are affected by the illness [11] . Primary hyperhidrosis is a hereditary disease of unclear aetiology and pathomechanism [24] . Perspiration is a main symptom, with excretion of more than 40 mg of sweat per minute, affecting mainly the palms and feet but also the face, armpits and abdomino-lumbar regions [12] . In spite of normal histological structure, sudoriferous glands overreact to sympathetic stimulation. Symptoms start in childhood, whichadded to little support from the family, insufficient knowledge of disease treatment among primary care physicians, ineffectiveness, short-lived action or side effects of available treatment methods (aluminium chloride, formaldehyde, iontophoresis, botulinus toxin) [25] -results in poorer quality of life [12] . Patients withdraw from social life. Hyperhidrosis makes many daily activities and jobs more difficult, and failure to obtain medical help in extreme disease manifestation leads to depression and suicide [12, 26] .
In this respect, the operative technique which we propose below seems to be an optimal way of treatment for hyperhidrosis of the feet, and gives permanent improvement of life quality at the cost of relatively low operative risk and low complication rate.
Material and methods Patients
Between July 2008 and July 2009, twelve patients with primary hyperhidrosis of the feet were treated in the Department of General, Endocrine and Transplant Surgery of the Medical University of Gdańsk. In one of the patients complex regional pain syndrome (CRPS) of lower limbs was an additional indication for surgery. The group of operated patients consisted of 10 women and 2 men aged 30 ±11 years. Patients were qualified for surgery on anamnesis, gravimetry and physical examination aimed at exclusion of secondary causes of hyperhidrosis [12] .
Operative technique
The procedure is performed under general anaesthesia, with the patient positioned on her/his abdomen. A 2-cm-long incision is made 10 cm laterally from the midline, at the level of L3. An operative space is created by pushing adjacent tissues away. Then, under guidance of a finger, two 5 mm trocars are placed 2 cm above and below the incision in the posterior axillary line. A 10 mm trocar is inserted through the primary incision ( Figure 1 ). The retroperitoneal space is inflated with CO 2 up to 22 mmHg. Once access to the retroperitoneal space is achieved, the lumbar vertebrae and sympathetic trunk are visualized along the lumbar muscle. The L3 sympathetic plexus is excised with a short fragment of the trunk above and below the plexus (Figure 2 ). The tools are removed and the skin is sutured. In bilateral procedures, the procedure is repeated on the contralateral side.
Assessment of the procedure included both standard variables (duration, intraoperative blood loss) and subjective evaluation of the following by the operating surgeon: surgical access, anatomical difficulties, subcutaneous bleeding, intra-abdominal bleeding, quality of patient's anaesthesia. Each variable was judged on a 1-10 interval scale. Then, the Totally videoscopic bilateral, simultaneous lumbar sympathectomy: original modification -preliminary report results were weighed, averaged out and presented as the procedure difficulty index (with values from 0 to 1).
Disease staging was performed before, and 3 months after the surgery. Subjective assessment of general disease-attributable symptoms and extent of sweating in each body area was carried out by the patient on a visual analogue scale (VAS, 1-10). Moreover, objective measurement was accomplished with gravimetry, as described elsewhere [12] .
Results
Twelve unilateral videoperitoneoscopic lumbar sympathectomies and 6 bilateral procedures were performed in the study population. In two patients after a unilateral procedure resolution of hyperhidrosis was incomplete (in one patient the procedure could not be completed due to technical failure of the inflator), and after another 2 simultaneous, bilateral procedures no improvement was noted. In 18 procedures, in which 24 sympathectomies were performed, incomplete resolution of hyperhidrosis occurred in 4 cases (17% of all sympathectomies, Figure 3 ).
Mean operation time was 84 ±20.17 min in unilateral and 92.5 ±27.16 min in bilateral procedures. Surgeons assessed the unilateral procedure as an easy one: 1.7/10. Bleeding from the subcutaneous tissue, retroperitoneal space and anaesthesia did not complicate the procedure -respectively 1.33; 1; 0.75/10. The main difficulties during the procedure were caused by anatomical issues (mean 3.42/10) and by operative access (1.75/10). Simultaneous bilateral procedure was assessed as relatively easy (2/10). Subcutaneous bleeding, intra-abdominal haemorrhage and anaesthesia created no problems in bilateral procedures (respectively, 1.5; 1; 1.33/10). Surgeons, as in the unilateral procedure, considered the anatomical situation (mean 3.33/10) and surgical access (2.67/10) the main obstacles during the procedure.
No perioperative mortality was noted. All patients presented with symptoms of post-sympathectomy syndrome: not too severe pain in the buttocks and thighs that resolved after 4 weeks on average. In these patients administration of a non-steroid antiinflammatory drug was effective. In 2 patients, however, resolution of symptoms was not complete and no therapeutic effect was observed in 1 more patient. This problem arose from lack of an objective method of assessment of intraoperative efficacy of the procedure. Considering notions on continuous measurement of the skin temperature of lower limbs with a pyrometer, we plan to apply this method in all patients in the future to improve the efficacy of the procedure.
During the follow-up 3 months after the surgery, symptoms measured on the VAS scale seemed less intense and were reduced from 6.17 ±3.9 to 1.33 ±0.58 (p = 0.018, Figure 4 ) and plantar sweating was also reduced from 8.75 ±2.56 to 0.67 ±1.15 (p = 0.05) with insignificantly reduced subjective sensation of compensatory hyperhidrosis. Subjective assessment of sweating in different body areas is shown in Table I .
The results of gravimetry, which is an objective form of evaluation of hyperhidrosis, are shown in Table II and Figure 5 . The limit of the normal range of gravimetry is 40 mg of sweat per minute. Patients were qualified for surgery with a result exceeding 100 mg/min and exclusion of secondary causes of hyperhidrosis [12] . Mean plantar sweating prior to surgery was 150 ±130 mg/min compared to 40 ±30 mg/min after the procedure.
In Figure 4 increased compensatory hyperhidrosis, described by Loureiro et al. [11] , and occurring in similar procedures on the thoracic sympathetic trunk [12] , can be noted. However, the small study group and preliminary nature of this publication call for further evaluation in a larger group of patients.
The cosmetic effect 3 months after surgery is shown in Figure 6 . Due to the low number of patients, Table II . Severity of hyperhidrosis in different body areas measured with gravimetry prior to and 3 months after surgery
Totally videoscopic bilateral, simultaneous lumbar sympathectomy: original modification -preliminary report no analysis of the quality of life or assessment of cosmetic effects was performed. These studies will be performed soon and presented in another article.
Discussion
Lumbar sympathectomy is performed for numerous indications. In our centre primary hyperhidrosis is the most common one. In this paper we present the new procedure of videoretroperitoneoscopic lumbar sympathectomy from posterior access and its perioperative and early results of follow-up studies done at 3 months post-op. As one can see, this procedure is a valuable alternative to classical procedures with videoscopic assistance (for improved cosmetic effect) [27, 28] , and for videoretroperitoneal procedures from lateral access (due to lesser risk of intraoperative lesion of the peritoneum) [29] . It should be mentioned that video-assisted procedures are applied in the treatment of vascular disease especially when the cosmetic effect is not a priority. The first video-assisted lumbar sympathectomy in Poland was performed by a team of Professor Wroński, who also broadened the knowledge of primary hyperhidrosis and its surgical treatment [27, 28] .
Apart from hyperhidrosis, lumbar sympathectomy is performed for lower limb vascular diseases in patients who cannot have a revascularization procedure, for instance in Buerger's disease [13] , Raynaud's sign [13] , treatment of frostbite [30] and treatment of erection disturbances secondary to adrenergic hypotonia of corpora cavernosa [31] . Application of lumbar sympathectomy is of extreme significance in complex regional pain syndrome (CRPS) [10, 31] . According to the IASP (International Association for the Study of Pain) definition, since 1995 the term "CRPS" is used for causalgia, Sudeck's atrophy and reflex sympathetic dystrophy, i.e. nosological units characterised by burning pain, sympathetic hyperactivity in the affected region, skin hyperaesthesia, muscular dystrophy and joint stiffness. Complex regional pain syndrome can result from trauma, infection or surgery [10, 31] , for instance laminectomy [8] . Complex regional pain syndrome is a syndrome of unknown pathomechanism, and hence resistant to treatment [10, 31] . Beneficial effects of lumbar sympathectomy with significant reduction of symptoms in 84% of patients [9] encourage broader application of this method, including the laparoscopic modification proposed herein.
Of course chemical sympathectomy with concentrated alcohol, phenol, or botulinum toxin A can be used for the aforementioned indications. These methods, however, have lesser efficacy and their effect is temporary; for instance, median duration of the therapeutic effect of botulinum toxin with bupivacaine was 71 days [33] . Repeated injections can cause post-puncture pain syndrome [22] , and the need to perform the injection under CT guidance exposes a patient to ionizing radiation.
Another important issue is to find an objective intraoperative method for assessment of sympathectomy efficacy. Some authors recommend measurement of lower limb skin temperature [22, 34, 35] , which should increase by approximately 1°C after cutting off the sympathetic impulse due to relaxation of the cutaneous vascular bed. Another useful parameter is electrical resistance of the skin [22] .
Conclusions
The procedure of totally videoretroperitoneoscopic lumbar sympathectomy is an effective method of treatment for primary plantar hyperhidrosis, yet due to difficult and equivocal anatomical conditions in the retroperitoneal space it should only be performed in centres experienced in laparoscopic and videoscopic surgery of the retroperitoneal space.
